agricultural burning (Murayama et al., 2004; Lee et al., 2005; Noh et al., 2011) . Such aerosols 54 have been studied previously within the context of their radiative effects and uncertain 55 influences on climate forcing (Stocker et al., 2013) . The importance of these aerosols to AERONET level 2.0 data (quality assured), which can be downloaded from the AERONET 120 website (http://aeronet.gsfc.nasa.gov).
121
The linear particle depolarization ratios strongly depend on particle shape. We calculated 122 the depolarization ratio from the sun/sky radiometer data using the kernel look-up tables as 123 described by Dubovik et al. (2006) . Linear particle depolarization ratios (δ sp ) at the four 124 wavelengths (440, 675, 870 , and 1020 nm) were derived from the sun/sky radiometer 125 measurements to identify non-sphericity within the observed aerosol. Detailed retrieval 126 method is described by Lee et al. (2010c) as follows.
127
The elements ‫ܨ‬ ଵଵ (ߣ) and ‫ܨ‬ ଶଶ (ߣ) of the so-called Müller scattering matrices (Bohren et al., 128 1983) are computed from the retrieved complex refractive index and particle size (Volten et al., 2001) . Another input parameter that is needed for the retrieval of the linear 133 particle depolarization ratio is the so-called aspect ratio distribution. The aspect ratio 134 indicates the ratio of particle's longest axis to its shortest axis. In case of prolate particles, its 135 polar diameter is greater than the equatorial diameter in contrast to oblate particles. The 136 aspect ratio distribution is kept to a fixed distribution in the AERONET model, since 137 scattering elements are nearly equivalent for all spheroid mixtures (Dubovik et al., 2006) .
138
From the ratio of the elements ‫ܨ‬ ଵଵ (ߣ) and ‫ܨ‬ ଶଶ (ߣ) at the scattering angle °180 the linear 139 particle depolarization ratio ߜ (ߣ) can be computed as (Dubovik et al., 2006) 140 141 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The depolarization lidar system was used to monitor the vertical distribution of observed 144 aerosols during the high-PM 10 levels. Measurements with the GIST multiwavelength Raman
145
LIDAR system were carried out at the same site as that of the AERONET sun/sky radiometer.
146
For a detailed description of the multiwavelength aerosol lidar system, the methodology used 147 to analyze the optical data, and uncertainty analysis, see Noh et al. (2007 Noh et al. ( , 2008 Noh et al. ( , 2009 value of δ p is 0 % for an ideal spherical particle. In the presence of dust particles, the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Rao et al., 1989; Gordon and Wang, 1994; Kaufman et al., 1997; Lee et al., 2010a and April 9 (14:00 -17:00 LT).
196
The values of τ 500 (AOD at 500 nm), AE at 440 -870 nm, and AAE at 440 -870 nm 2(b). δ is a reliable indicator of particle shape and can be used to distinguish between non-227 spherical and spherical particles (Shimizu et al., 2004 , Noh et al., 2012 , Shin et al., 2015 . In between April 5 and 8 (12.5 -14.2 %) were higher than them between April 9 and 11 (5.8 - April 5 -8 and 9 -11 can be categorized as polluted dust and smoke particles, respectively.
317
However, the data in Fig. 5 (e and f) show relatively high δ sp values of 8.3 -11.6 % in the 318 morning on April 9 and 10. Lidar-derived δ p also shows values that are 1 -3 % higher in the 319 morning than afternoon in Fig. 2 (b) . The distribution of dust calculated using the MACC 320 model (Fig. 3) shows that the dust particles are continuously distributed around South Korea.
321
The relatively high values of δ sp in the morning on April 9 and 10 is likely to have been Figure 8 shows the particle volume size distributions observed at the same time as τ in 
Summary and conclusions

385
In this study, satellite, lidar, and AERONET sun/sky radiometer data, in combination 386 with data from the HYSPLIT and MACC models, were analyzed to determine the sources of 387 observed atmospheric aerosol. We found that high PM 10 levels were affected differently by 388 dust, and anthropogenic and smoke aerosols. Dubovik, O., Sinyuk, A., Lapyonok, T., Sinyuk, A., Mishchenko, M. I., Yang, P., Eck, T. F.,
446
Volten, H., Munoz, O., Veihelmann, B., van der Zander, W. J., Sorokin, M., and Slutsker, I., 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 0.74 ± 0.09 1.27 ± 0.02 12.5 ± 2.1 9.2 ± 2.2 9.7 ± 3.3 10.3 ± 3.8 1.11 ± 0.15 8 Apr. 0.86 ± 0.04 1.33 ± 0.06 13.2 ± 2.2 9.0 ± 1.2 9.4 ± 1.2 10.5 ± 1.4 1.26 ± 0.46 9 Apr. 0.74 ± 0.05 1.49 ± 0.05 6.2 ± 3.5 5.0 ± 1.8 5.2 ± 2.1 5.5 ± 2.5 1.16 ± 0.26 10 Apr. 0.82 ± 0.11 1.48 ± 1.43 5.8 ± 3.4 4.7 ± 2.1 5.0 ± 2.5 5.3 ± 2.9 0.95 ± 0.12 11 Apr. 0.68 ± 0.01 1.43 9.8 ± 2.3 6.8 ± 0.6 7.1 ± 1.3 7.6 ± 1. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
